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Abstract
Biomedical optical imaging is capable of providing functional information of the soft bi-
ological tissues, whose applications include imaging large tissues, such breast and brain
in-vivo. Biomedical optical imaging uses near infrared light (600 nm - 900 nm) as the
probing media, giving an added advantage of being non-ionizing imaging modality. The
tomographic technologies for imaging large tissues encompasses diffuse optical tomogra-
phy and photoacoustic tomography.
Traditional image reconstruction methods in diffuse optical tomography employs a
`2-norm based regularization, which is known to remove high frequency noise in the
reconstructed images and make them appear smooth. Hence a sparsity based image
reconstruction has been deployed for diffuse optical tomography, these sparse recov-
ery methods utilize the `p-norm based regularization in the estimation problem with
0 ≤ p < 1. These sparse recovery methods, along with an approximation to utilize the
`0-norm, have been used for the reconstruction of diffuse optical tomographic images.
The comparison of these methods was performed by increasing the sparsity in the solu-
tion.
Further a model resolution matrix based framework was proposed and shown to in-
duce blur in the `2-norm based regularization framework for diffuse optical tomography.
This model-resolution matrix framework was utilized in the optical image deconvolution
framework. A basis pursuit deconvolution based on Split Augmented Lagrangian Shrink-
age Algorithm (SALSA) algorithm was used along with the Tikhonov regularization step
iii
iv
making the image reconstruction into a two-step procedure. This new two-step approach
was found to be robust with noise and was able to better delineate the structures which
was evaluated using numerical and gelatin phantom experiments.
Modern diffuse optical imaging systems are multi-modal in nature, where diffuse
optical imaging is combined with traditional imaging modalities such as Magnetic Res-
onance Imaging (MRI), or Computed Tomography (CT). Image-guided diffuse optical
tomography has the advantage of reducing the total number of optical parameters being
reconstructed to the number of distinct tissue types identified by the traditional imaging
modality, converting the optical image-reconstruction problem from under-determined
in nature to over-determined. In such cases, the minimum required measurements might
be far less compared to those of the traditional diffuse optical imaging. An approach
to choose these measurements optimally based on a data-resolution matrix is proposed,
and it is shown that it drastically reduces the minimum required measurements (typical
case of 240 to 6) without compromising the image reconstruction performance.
In the last part of the work, a model-based image reconstruction approaches in pho-
toacoustic tomography (which combines light and ultrasound) are studied as it is know
that these methods have a distinct advantage compared to traditional analytical methods
in limited data case. These model-based methods deploy Tikhonov based regularization
scheme to reconstruct the initial pressure from the boundary acoustic data. Again a
model-resolution for these cases tend to represent the blur induced by the regularization
scheme. A method that utilizes this blurring model and performs the basis pursuit decon-
volution to improve the quantitative accuracy of the reconstructed photoacoustic image
is proposed and shown to be superior compared to other traditional methods. Moreover,
this deconvolution including the building of model-resolution matrix is achieved via the
Lanczos bidiagonalization (least-squares QR) making this approach computationally ef-
ficient and deployable in real-time.
